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(54) MEMORY DISTRIBUTED PARALLEL COMPUTER FOR FAST FOURIER 
TRANSFORMATION AND ITS METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently execute 
fast Fourier transformation with a small data transfer 
volume. 

SOLUTION: Two-dimensional real number data are 
stored in a two-dimensional array A with size s1 X k2 
extending over four processors PE1, PE2, PE3, and 
PE4. The size in the first dimension (the dimension of 
rows) of a partial array in each processor of the array 
A is an even number, and each partial array is divided 
into two sets of row vectors of the first half and the 
latter half. One row vector of the first half is regarded 
as the real part and one row vector in the latter half 
is regarded as the imaginary part to execute complex 
Fourier transformation in each processor, and the 
result of real Fourier transformation for the second 
dimension of each row vector is taken out. 
Thereafter, the array A is transposed by parallel data 
transfer, and complex Fourier transformation for the 
first dimension is executed, and the result is 

transposed again to obtain the result of two-dimensional Fourier transformation. Fourier 
transformation formation for the first dimension and that for the second dimension of the 
array A can be executed in each processor in the closed form to efficiently perform the 
processing. 
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(54) [R!|li0>«ft] Ka7-Ul^Sff5^*U»«BBafc?WJMI*J:tWtO*«fe 

(57) mm 2«a.aey ia^n&is *-?ib 

I a stii a-hs awust** •> ^ ^ a ic * t ^ r , 

1. PE2. P E 3> P E 4 IZZtztfZ s 1 X k 2 CD* 
#?W2 *5cE? IJ A Ctettf 5 0 E5U A n -b * 
rtOfflfl-EfllOSSl *5c (fT0><fc5c) StifflR? 
*»;, &ffl£E5Uttt(l¥i:ft i l £ <O2*l0>fT's:* h-MCfl- 
il$fi5 e iu-¥-tf>l oo^ta:? HUSHSB* ?^<7?1-? 

*7-"Ji*»tfTtv *<D*£S£St>'$iBLT2:&5c 

as 2 >^5cc75S7 - y ituta^n -tr 'y -y-rtT-r^ i; t*t 
9 aa^sawbsti*. 
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?-*ft«aco7-p-fe-y-9-co^ yica 
I4EBU rn-b-y1f-|8J"??-**Ej&£?TV. x ** f 6>«j1 

^a?-*ft. m 1 til 2 #5c# £> & 311 1 CO 2 £ 

5£E5iJt LTAftT 3 Afloat 

ffiTEffil co 2 fc5cB5U<0W 1 *5c*7*n-fe? -fracas 

£ l . Kaaroffl^EJU *«& E«aa> -b -y -y- 
u r iBit-r s E5Ui3*^a t s 

8flE«arosaE5U0>** *8tTE3K 1 >£5BT* 2 oii^S 
LTt#e> ftSSI 1 co?-* ^m 2 co?-*co ? ISM 
1 co?-* ftEltTSm 1 coElf^at.. 
ffirEK 2 CO?- * SE*r *!B 2 COE1t3M§!i . 
BUlBE^UIBIi^lS* 1 &fltEft 1 co?— **5<fc T>"m 2 CO? 
-* ftguEfg 1 OEtt^a* J: tf* 2 COE-If^atc^ 
U Km 1 CO?-* ft USB, Km 2 CO?-* ft*SBt& 
4- UTS9ES 2 *5ctCO^TC0t«?7 - U l««tft^ 

HftfllfflUT. tufBHa?-*CO:7- UX^COm2CO 
SHMS**#«>*it*¥afc* 

ft!£@£f 3M5U1+3MS., 

[»*«2] 2*5cE5ll*e«-*'4e«*«**6l= 

«iu fulBI+Jt3M£li. MiBM 1 CO 2 fc5EE5U<&S 2 
5c^Ol>TC0ll7- 'J X^&com 3 CO^&i&SSCO-gB 
ft. SuIBmi <Z)SE*t**#6*«>T. t*£3(0%&l£& 
CO-§BCO^I95^5 e l:^>"JSSBA , £ 3m 2 CO 2 *7cSB5Uftiiu 
EE5l)E1t¥aiCt&ttL» ffiEKB^att* I*E3IEtt 
^aiCftttS ftfcKJB 2 co 2 &5EE5U *«« UTIRtBJS 
1 C0lB1i3M3*> <£ t/m 2 OE«¥«t=4ittf § - fc tc <fc 
SulBm3CO^^mcO-gBcoHgB*5«i:U f SgB$^n 

■r nea i ©Etfa* «t i/m 2 a>Ei*^am&w u . 

IS CO?- * ftffli^T. KM 2 co 2 ^5cE5Ucom 1 #5c(C 

o^tcohis 7- v xg&ft&7*p -t -yv-ftT-ftoz. t 

ft T 1 E«0>ifc5Utttt«. 

[H3&JI3] BufB^g^Sli. ffiEIB 2 CO 2 *5cEfll 
ft 7"P v ^JUtelC^t! UT, 7'P -fe -y -frHTtt^P -y * 

3MiC0&$U?-*$E&fttT9£ >.K Km 2 CO 2 * 
5EE5U ft Kit 3 Z. i ft i: T 3 W3t« 2 EKCOM5U 
Itlf ^§U 

[l»*H4] itylBi£B#aii, WESS 2 0) 2 *5cEffl 
colli *5cl-r3L^T0>a*7-'JiJE»<©tSSfB6ft* 

m3co2*5Bie5ijftso f eMLs iuiem2co^js^t 
u twee? «E«¥aic«ttr s^tntattsiM 

*2E*roifc5!lttW*o 

hm&h 5 ] mzxij^&n. t5Ena?- * a* 1 >% 

5c?- * CO t % - It 1 #5c?- * ft sUEm 1 CO 2 #7cE 



5U»J»*t=«» LTA7JT3 Z t «4S«fcT*IMtfll 1 

E«rott5iitnr«o 

[»3St*6j 2*5cE5U*««r*liB*at* 5tc 
HtU MEtHt^ai* » ffiEK 1 CO 2 *5cE5lla>S 2 
tcICohTOSIT"- U x^JSCOS 3 C03!&33SCO-§B 
ft, fiffESl Ott»lS**6*»T« KJB3«)SE«tt* 
fl>-fflCCia(£H^**WU ^a[^mcoHgB*«tt>*^gB 
A> e> & 3fg 2 CO 2 *7cE5U ft mEEJUEtt^auHMft 
U BulfiteB^ati, KE5IIE«#ac»«Sn/tK!B 
2 CO 2 *5cE?U*«« UTffiESB 1 oE«^a*«ttfas 
2 roEtt^ai-tMST 3 CI i: tc J: U , SulBm 3 CO^^JS 

sco— scona*s .ti/^SBft^ n-f niss i coiBis^a 
*J:tfSS2<DE«#aiCttttU wEttw^ai*. Km 
1 COIB1f^a*JJ:U r m2COlE1t^acO?-*ftfflt^T. 
Km 2 co 2 *5cE5Ua>JB 1 *5cUi-Dt»T©a*7- U x 

^ft&7•p•fe•y■t^rtT' : ^ : ft^. HijEm2co^^sft* 
#>zz£z<tmttz itsta 5 iBacoM5Ui+«^o 
[it** 7] ?-* ftaacorn-b-y-y-co^^utc-^ 

84KB U 7"P-b •y-9-pgT-?-*fej|lftt7^4* > "6a3l 
7 - V x ft H fr f 5 il t CO T- * S * 'J ^> 
ltS^vX?Alc*5^T. 

na?-*ft> mi ^5ctm2^5cft : ft-r5mi co#^ 

5ES5iJt L,TA^r5A73#afcB>)Ifimi 0>**5cE5ll 

com 1 ^5£ft -y-aT^so it, mi >*5ctf{ga 
T**«fc^4aa«)S^E5U**iai/. KaacogB^se 

5U ft Ws Etia CO 7" P -b -y * tc 53- IS L T Ett T 5 £?U Eif 
#ai:. 

ffiEaao«^E?iiofi-* ft Buism 1 *5£t 2 oic^tij 
Ltf ^nsn co?- * tm 2 co?- * co 9 ■& s Km 
1 co?- * ft ibist m 1 coieis^a <t . 
sijiBm2co?-* ftiBi*-r5m2coE'tS¥-at, 

»3EE59E«¥a* e> Buism 1 co? — * is efc t>'m 2 co? 
-2 ftHuiBm 1 fl5EtfS*J:tf!l5 2 <&E«#ai=£ 

Km 1 co?-* ftsgB. Km2co?-*fta§Bfc* 

ft LTBuEm2^5cl--^t^TCoa^7-'J x^ft&y 
P^z•y•t>■rtT'^T^-^. Ka5g7-'JX^COmi CO^^SS 

sftfijfflur, striBRa?-*co7-ux^com2co 
SE ttfi A ft * «> 5 itn^a t , 

tu Em 2 coaussfgjn ft tu td t * * ^a t ft « s. * ^ t 

[IS*H 8 ] ?- * ft *IgfcCO 7*P -b -y If CO p< ^ 'J izft 
b4SBBUs yp-b-yifPBlT^'-^eEiftff^ft^eSjl 
7 - 'J i3Eft ft HfrT 3 d t COT' * 5 > ^ <) #&WmU 

JS 1 *5c S 2 *5c * * T * ^ *5cE5U O T A * S 

n/cna?-*co9^. Km i *5c*7"p-bvtf-aT«- 
sijLTtou^T e>n/cgB-$3-?-* ftEit-r 5fc«>0x m 
i ^^wa?** «t ^ *E50E*^ 
at, 

WEftttflUSlwE** nfciuESB^?-* tfitEK 1 >^ 
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5£-p2olC^t!UT»fi.n*!Bl to?— 9 t W, 2 coy- 

*<D9$, Km i oy-^tEiifsssi coiBis^a 

WESS 2 05 7* - * * Btt T * S5 2 <DEtt#a t , 

mEEWEtt^a* 1 zmzn i coy- ^axxfmi 
- 2 * miiBm 1 oi3**a* «t m 2 coiBis^ai^ 
u ismi of-'-^tna. as 2 o>y- 

ft LTiulBm 2 *5cir-3t»Tro*af 7 - U *fT 

HulBUSy- 2 CD 7 - U x3:£ ft 4Bt « ft fit 
x 5 £ t tfttt T 5 y P -fe -y -tf-o 

uses l, 7" □ -tz -y -y-ra t?- 2 ft f? t * ft if e> sai 

7 - iSE« ft H^tT -5 £ t » T S 5 * ^ 'J ^I5SM5IJ 

ftJN=pXq»1 *5ut-'-^ ft P Xq©l 1 CD 2 *7C 
E5U fc # ft U Km 1 W 2 *5cE5B ft K 1 #5ET'#SJ L 
T\ §ynt7 tfrtfl>*51 #5B<0*§ SflMSaizft* J: 
5 lz^lttE«T 4 EfllE*#a 4: » 

■&yp-t2 y-^TS2^7c(0^'-? MKT^T'ftfl^gStt^ 

'JX^&CD (q/2+1) SMrfcftJtLfcf** P-7 1 - 

IREP— ?-va>5Mf<0fc**- SI *5cS7>«e« 

Lfc (q/2 + 1) Xp0^ 2 (75 2>^7cS5IJlwls^'f -5 

ea^at. 

Km 2 CO 2 *5cE5U«>* $ p £0^ 2 *5c<0^^ MU-** 

,T, Btf!2l &7cy-*co£g:7-'Jx£&CD£S£#«> 
*JB2fl)ltJt^afc*fll3L6ilfc*«af*"*tt5USt* 

#i£ffiB U 7P -tz v -y-raTP t-'- ^fejX ft fr t x ft S> it 

5i 7 - u x^« ft *?tt * z. t t * 5 * * u fmm$t 

(p, q) C0±#^<7>2^7C7 Lt -^ft pXqCDsBl CO 2 
*5cE5!ll-A* L< 1 CO 2 *5cE5USSB 1 ^tcTt} 
SHUT. Syp-tzyiJ-rtcoS 1 #teCD:*:£ Stf'lgaiwft 

&7 , P-b'yti-T'm2*5c<OA:-7 mko^t 7 ft 

■JX^&CO (q/2+1) gB^ftl+Sf Sfill CDl+g^ 
St. 

«»e*i cons^aicisi+m^mft. n *tc*7>« 

EBLfc (q/2 + 1) X p 0>8S 2 0 2 fc5cE5UC<£« 

f SSI 1 co$sB#at. 

Kg 2 CO 2 >£5c@e5IJC0*<s p COS 2 ^tcCO^'^ S-MCtt 

9* 2 Ottawa*: , 

KS2O2*5cE51l<03E»eiRft pX (q/2 + 1) CO 



S5U U T . ME 2 ^tcx- *CD^7- 'J x^&co 
iigmcD?*. (1 : p, 1 : q/2 + 1) <DgB#ft#K>S 
£ 2 cot£§#S StJUtUt 

mataii] y-^ftnacoyp-tz-y^co^'ju: 

#8fcEB k 7"p -tz -j V fSJ T- 7 s "- * isifi ft fx v- * ft * f 5> a 

a^-g xg* *sfr* ^ya-ttsat 

(p, q, r ) a>***W3*5c7»-*e pXqX r CO 
fg 1 CO 3 *5EE5I)ICA* U Km 1 CO 3 *5cE5Ut!(5 1 

^5cT7>auT, ^s-yp-t yitrtcom 1 *tcco±# 

IggUCftS J: 9 u:7>ttE«r«E5UE1t¥«ks 
S-yp-b y-TT'ms^^co^'-? h;uco'<7 7 £1£^&fc* 

yifflSW (r/2+1) fiB«-*W-«Ufc«» S2*5c 
CO^' ^ h jhc »f 5 7 - 'J x^« ft & f P -te -y "9- T* Sffl 

Buismi roim^aiwis&mig**. m 1 ^ft-»w 

SBML/; (r/2 + 1) X q X p com 2 CO 3 ^5uiE5«lC 

fea-r^mi co^H^at. 

Km 2 CO 3 #7cE5IJcOg3 p com 3 ^tcCO^? h^HC^ 
9m2CO!+S3M3:t. 

aS2W3*5cE50O5ft*aiR*pXqX (r/2 + 
1) coiB?iJlcte§UT, buIB3^5ct- ! -^co^7-iJx 
StiftrotSiRro ? * ( l : P , 1 : q , 1 : r / 2 + 1 ) 

cd§b# ft ^ m 2 co*ig#a t 
ftit i * z. t ft t r s M5«i+w^ 0 

7>SiEBL/s 7 r Plz-ytHS)Tf f -*K5SftfTt^ft« ! '6)» 

itf-?^ m 1 ^5ctm2^7cft%'rsmi co^-^ 

TtiSMt UTA^r5A*i#ai:tulBm 1 «)**5cE5« 

com i *5c* -tz tST^i! n> ii ^Tc^wa 
T- £ -s J: 9 ft aaros»E5ii ft ±* 1/ . «a»«)ffl7>E 
5U ft wEaaro 7Pt 7 t ict>«[ u t sbht * ^tsffis 
?at. 

B5IBaa<7)gB^BB5iJcO§-* ft Buiem 1 *7c? 2 otC^SH 

trmi co?- ; -^ tm2co?-$ft^jsu. Kmi coy 
ftiBirf -am 1 <DE*«fcKSB 2 o?-? ftiBitr 

tuism i coy- u'm 2 coy- ^ ft tijiBm i coisii 

" i£fccfcU*m2co!S1£iiSi::if U Km 1 ft^§B. 
Km 2 coy-* ftlSSBi:*ft IxTBuiBm 2 *5c^c-^l,^T 
coHH?- 'J x^ft^yp-tz-y-y-rtT'^Ttv K4I^7 
-UiS«coll roSEJMSSftfUELT, tulBSay- 

* co 7 - >j x^com 2 cos^iism ft#«> sitm^a 
wEiB2ro*jiiii*ttti*r*ai*¥a4: ftii^^cifc 



(4) 



ut, t-'-^ fcaatDT-pij-yifcD*^ v i^tsES 

x^& t Hff T STj-ST" * o T . 
TcffiSUfc LTA73 Us 

IRE'S 1 0**5cE5floaS 1 *7c*^n-bv*aT»l! 

lt % ii *7c^«aT**±3*aa<&37}E50*± 

A U s IS*iacDSB7>IB5IJ 5 Sul5«a<D -ir y (Cfctt 

SulBtiacO§B^i55iJco§^ £huI3s 1 *5cT 2 otc^SS 
HI1 Of'-J £SS2CDt ; -£££'&U 
S£$ 1 0>T-'-$*<fc tf » 2 Or- * S Is 1 0E«J*fc «fc 
tf8S2 05E*«u:»u 

ISIil cDt- ! -2£HSBs KJB 2 OS*- ft U 
TmifBfji 2 ^Tclcot^TrolS^^ — 'J x«»S*y p -b 

1^1*7 - U x^&tDfg 1 O^MieSSflJffiUTx SulB 
Ha^- * co 7 - 'J xgJ&OM 2 roS^Sg^ -5 ^ 

[0 0 0 1 ] 

^ttfi 3fe5U tf-H* v^rA, * J: 7 - i 38ft 
[0 0 0 2] 

^T. *a«**a7-»Jl*« (F FT :Fast Fouri 
er Transformation ) StrHTS fc»CI. M5Ultmiv 
XxAJtfJXEo&ftT^So FFTlis stftSM 7 - V 
X^lC*5lt5«a*'^< oa'CDBatCft'STtSSf, 
* CD-I4H *#1JE L T(0Sft iMHaatSfli* L tzVs%.T)\? 

P 5 0 0W<9 K;U7>tttt?IJit*ttTfT9 *tf> 
ttfiE*«*«lC5l*ttTfc»C, x- 4 < ~ 

[0 0 0 3] fiBfcOifcJURHHKtCj:* F F T&8tC*5U 
Tli, 7-U x^&cDJf ds ^atoyp-b-y v>"7" • X 
l/^h (Jii&. PE. *Acti7"P-b-yy-i:lBT) \Z& 

»CDx- SSs&tffrfrfts jffl3Sa** r teTT 5 ^ 9 M 

[ 0 0 0 4 ] Sa07-'jx«»*fr^l-tt- 
UxSEJ*<BM* 0 t LT§H-aT375;££s 2-DGQSa 

t*n-f*xa*awss, asfc*4i/T» a*?-y 

ffiffi t 3 * ^ 'J * * f c t ^ 9 f & s o z. 

tut. y - u x^& l fctS»ro«*a<&+ c#«Mffi « 



i: «f T « 5 Zl t * f IJ ffl L «> T' ft 5 . 
[0 0 0 5] IBCIi, SE»**iSSta*«ao5Ulcj£ 

^*t, aawfcsaw (t/ctifflafftsafr) <£>^- 
* * * ft •? ft use *> «t t/aas t & 4 L T 1f X 7 - y X JE 

||7- l JX^(03Sm^^^USiiUTt^-5o 5$»JC0^7>C0 

i,4#*e>, «a5«i:»a5fl (*fci*«afffc*afT) 

[0 0 0 6] M5iJItS:^tc* 5 a^Tii7 v -^$Ej2it-'(*9^ 
45, 

[0 0 0 7] *^(4s '>4^-?-26&T-$!)^&<'* 
F F T«HfrT5Z.i:C0TS5J< ; E , J7>SS£SM?UitS:ffi 

[0 0 0 8] 

[Mi*»ar*fc»«)fai eh l ^ *awa>at5un- 

A(±. x'-^^ltacOT'P-tz-y^CO^^U^-^fiitSeH 

C0I31S¥S3. IS2COlB1t¥IS4 . 1+I?S5, feH* 

[0 0 0 9] A733MS 1 lis Stx-^^ 1 1 #7cct 
l«2^5cA i e>45"Sl 0>2%.5cEMt bTA^TSo SB 
5lJI3«¥ S 2 (i s IB 1 co 2 *5EI25IJc7)|g i >^5c ST'Pt 
•y -9-aT'7>fi UTs IS 1 >^7c^5aT&5 J: 9 4ftac? 
«7>E5ll SMI- * ft £> oaa©S7>E5U * ±E«a 
cD 7P -b -y "9- ^7>ftt U TEtt 5 . 

[0 0 1 0] SI <OE*#«3lt» ±I34iacDaB7>iB5lJ 
roft-»*SiS1 *7cT'2otC7>tSL>T»e>ft5IS1 CDx- 
5rtl2 CDx-^cD-? -&s IS 1 - 2 £I3-H bs 18 2 
<D!B1*^&4 (ili 2(757^-^ «i318T5o 

[001 1 ] tt»¥S 5 lis EfiJI31ft¥ia 2 * 5K 1 0) 
t* - * * J: 85 2 0)7* - * JB 1 tOEit^a 3 * cfc u*m 
2 CDIBH^IS 4 lC?f U, si <7)7-- t -££'«gBs 8 2©t ! 
SSgBi: *4 UTS 2 >^5£lsic>^TcDa*7- U x 

^Sil-T'P-b-yf-rtT'ff^s *CDtfiX7-yx£&C9 
SSI «)tt*IS***»5o ^UTs ffil OSE#tttXtfU 

fflUTs ±!3lia7 L5 -^cT)7- , JX^CD'fB2CD^^ 

[ooi 2] a*^»7 lis ±ess 2 saa 

T5 0 tts ItlfSSli, ±13111 <7>2'A5t&?WM 
2 ^7cI-OV,nTCD||7- 'J Xg&COifl 3 CD^^^CD— 
SB«s ±EJS1 OK«fi*#6*«>T, *©»3fl)JE» 
SScD-SBCOSgBfe <t t/«gg A> 6 4 51 2 CD 2 *tcE5U 
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* E5UEtt¥» 2 C«ttr 5 o 3C0fc£, I5S^S6 

B , E5UE«¥S! 2 ic**tt 3 ft SB 2 fl> 2 *5EE?U ft <E 
<OIB1S#8< 3 * «fc U'SI 2 COfBIS^S 4 

tf^gB € -t ft ft W, 1 <Of BH ^& 3 £ J: 1>'SI 2 cOtB1t¥ 

S4ic<ftw-r« 0 sra^asi*, siicoibis¥- 

S3*£Ulfl2COiB1S¥l£4<7)-r-£ftffl^T, SI 2 CO 
2fc5cE5(l0>8 1 &5ct::o^Tcotlli7- , Jx^&ft:& 
yn-b-y-9-F*gT'fft>. ^COjgSA^itBS^ CO^&SSS 

ft3£K>5o 

[ooi 3] «a.tt\ mi k>a*¥S i tmt)^&L7 
it, nfefflic&tfzwioxnitii&mi 3tc&j&u @e 

5UEit¥« 2,11 COIB-IS^S 3. 12 C0lB1t¥S 4 
tt, g-yn-tz-v-tM 1-1,1 1-2, •••,11- 
Mftco^U 1 6 irftjfcf 5„ itff#&5i:&SI 
#18 6 l±, £-7*P-tz-;/-tM 1-1, 11-2, 

1 1 -MrtwjjisSB i 5 tea-its -r 5 0 $e>i3, ijij^if, 

Z. ft 6 W§#ISC0^«g ft 7" Mb \y T1B1S U Jfc t* < 

* 7 &jI«g>E1tttEf* * , - ft 6 os-^stcawsr 
5„ 

[0 0 1 4] 

[flsffl] A*¥S1 lfXh\,tz 2*5c*»T f - SI 
1 <0 2 fc5cE50 £ l/T, E^UEtt^S 2 ic «fc u «gico 7 
□ •b^*C5MBtEB*ft5o 2*5cSt7-'Jx3t»€ff 
9 IC It , d com 1 CO 2 ^tcEJU ft * 1 #5c*5 J: T/SI 2 * 

5cic"3u»T-tft-rft7-yxaEssrfttfj:t^ -rot 

S , S1 1 CO 2 5fc5cE5U<&* 1 *5c<0* * <* ft , til a. If 
(2xya-b-^SS0 (OftfttL. ft ft 7"p Hz 

7C* v ^SlC^-5< : t9tcUT*5<c, Cftt3j:U, §§B#IB 
n ft H 1 #5uT' 2 ^H-»f 0 U TIS^T 5ut ^'pJSgtC & 
5, JBl<BEtt#«3U\ S-rcHz-ytf-ttlCs §gB#IB 
?lJft#fflU£2O-r-2C0-?*>S51 (D7 1 - 9 ftlSttU 
SI 2 CO IBISES 4 li!2 co^-^ftlSIS-f 3 0 
[001 5 ] it*¥« 5 It, mi 0>EW£S 3 rtCOSI 1 

wf-^taiawxatftfti/s m 2 coiB-n^a 4 

CO SI 2 COx — £ ftffipBt LT, SyPi2^-9-rtT-4I 
#ifl£ ftTu£^S§2#7ct3-p^Tco*SSI7-'Ji^& 

^yp-tz-y-y-rtT'^f^ft, si 1 co^^j3**^e>ft 

5 0 SI1 CO-7 v '-^*5=tt>'SI2C05 1> -^CO-^ft-fftCOSI2 
#5£i;:c>^Tcofl7-Ux^ja commit, ill OSftS 

*IS!7- 'Jx^ftfrxtf, ±IB^^7 :f -^(02^7c7 

- u i^a^e*? * 5 si 2 oftttem ^9 e. n 5 B 

[001 6] ZCOJ:?^, AflSftfc 2#5cx'-£ ft§ 
rQl!7frtT2?«)«ft(:ft». -TjftHSB, fft^ft 
d8fflt*4-rifclCJ:»J. 2*lcO§t&T-'-$ ft£«>:«>T 

p-tz-y-9-rtT'gfli;Tfft)fts^», ^-^teiMicg-r 5 



b#Pb1 tftatb * ft , &s*^^t * n 3 0 

[0 0 1 7] ft, XtlT-Zif 1 >£7cS§fcT- ; -£c0il-£ 
It, 3ft ft 2*5ct'-5'(C«»^TE?iJE*#«2 tClB 
-itS-tiSCltlC.fct;, 2 #7ct- ; - 2 £ Uttf CMST 5 <L 

t*'BjggT'&5 0 zicoii-grti, si 1 --Xtz^-oi^t tnmm 
y- 'Jxie^fttT -pmiic, &7"nt7itrtT'P-f-> 
a >CD!t1f £ffA(S"=fc^o £ 3 >^5EJi(±cO*5r;CO^ 
&T- ! -£c07-'JxS:jai;:-p^T&, **fiDlc(i 2 #5u 
x - ? t no*i<o^>£ii <£ l -> 5 £ # T S 5 o 
[0 0 1 8] Mil oaESHg*#6SS2<03ESMga 

S» 5B#, ItS^IS 5 (i, *fSl©2 *5cE50«)SB 2 
^7clCOuTCOH7-U XS!&CO$SmT*$> SSI 3 CO^ 

sssft, sii (o^^* > e»*i*5 e cicott, ss3o 

^^mtc(±-^ic^co±fe^H«* f * U , ift tfliffl 

■ffttfs Sl3co^$^mco^tl^^i'^t!JcosB^*'e»l+»-c , 

t^Ittfa^nit^. L tzif-z>X . si3co^*sm 
^cot^T^±, -?co-gB# co^ft^»ftif«J: 
^.^ e ^t«)/cSI3co^it^mcO-g6COSgBfc<i:t>'ffi$Bli, 
SI 2 CO 2 5*5EE50 £ U T E5U IB1t¥IS 2C««8ti«. 

[0 0 1 9] L*U, dCOSST'ti, SI 2 CO 2 *tcE?IJ 
COS1 1 ftyttfmff) -fa -b •> "9- IC S 1f o T EH $ ft T 
l^Sfctf), ^$ftfcSI1 >^7clC^)l,^TC0 7-UX^ft 
§7P-tz-;/-tf-f*gT'Hi;Tfr7 - t* f T'#*t> 0 iiT', 
65^15 6 **SI 2 co 2 >^5E;E5IJ ftliS IT, S1 1 COIB1S 
^«3*J:tflB2«>E*i¥a4lC»»r* e -ftlCcfc 

ftS1 1 COIBIS^S 3 * JrtfSS 2 colB-tS^S 4 ic^Md ft 
5 0 MT^Stt. ift6 ft 1 UT. SI 2 co 

2 «5cE5U«?a5 1 >%tziz~di»t nmm?- U iSESS** 

7"Pt7trtT*^i\ «^*6UlcSI2co^igjSmft*«). 
5, t#e>fttSl2CO^^att, A733ft3t2*7cSSC 
t-'- 2C07 - U X^CO^S £^^.TU5 o 

[0 0 2 01 dcoi-yic, SI2>^^5cl3Ot^TC07-Ux 
K*oaiC2a5cE5U**K«rft(f. S1 1 ^tEICO^T 
co 7 - 'J x £ft % ^gifco 7" a -tz -y -y- lcM?ir -5 d 
ttfT'tZo 1 *5c*a7*- E5«IB«*a 
2 tcteilA # ft fcSI 2 <D 2 ^5ES50 UTO-f-va 
>(Ol+^*'^ft>ft, -?<OiSm* f g«$ftT, fill *5cl3 
o i, ^ T CO 7 - 1 J x ff t> ft -5 c 

[0 0 2 1 ] 

iffflici^rSo [212 li, **1»cc*it*tt5llit«**> 
^ x ACOffi^Ei T' & -5 o HI 2 0tt?UltX8 v ^ t- A It , 
hr?--? 1 2lC«fcUe-££ftfc&3lC07'n-fe-;/1M 
1-1, 11-2, 11 —MA 1 e> ^ *J , * •;/ h 

7-C7 1 2tC»«*ft>!:AUl*»lll 3$t^.5o *v 
h9-"?1 2 It, ffi«C02 OC07*P4z-y -y-P^T'x-'-^ls 
^ftffAS«fc9l3lSl+$ftT*5U, M^PXA'- • 
*?h7-ms, Aaj77^fi1 3ti, flFJilfr'-f^ 



4. 



teB8¥ 9-1 53029 



[0 0 2 2] *:/a-tzy-!M 1 -1 , 11-2, 

• • • , 11 —MIS, *ft-r*i»««1 4 , MSS61 

SfiijLSo iftflfiBI 4 li, * y 1 2 fc^M-T, 

^rp-tz-y-y-^Adi^sai 3 i:<DmT'T-2&i&* 
fr9 0 ^ u i 6B, §yp-b7-y-ic«!iuaTe»n^T- 1 

5 0 5(4. j^'JI 6lCIB1fSft*:x-2 tffl 

f J - X „ 0> N BJ 

t»= 0 

[0 0 2 6] 

c^N = e x p (— 2 » i /N) 
tfio 3\ N=p • qtBSft»T*«tt5i. 

n = n 1 + n 2 • p , 

(n 1 =0, 1 p-1 , 

j = j 1 + j 2 • q , 

( j 1 = 0 , 1 q - 1 , 

x ( n 1 , n 2 ) = x n , 
f (j 1 , j 2) =f j 
t*><Ztt><T'ZZ 0 (3) , (4) , (5) , (6) 
5££ ( 1 ) jSttCftALT, n ICOi^TCOfPfc n 1 £ n 2 

f ( j 1 , j 2 ) = p l u» nl 

n Z = 0 



[0 0 2 8] ?IC. ttfi?- 'J l^&CD 

- 2 t 2 ^tcx - 5 tfrttL TtB-mt 5 £ t A f T' # 5 c 
3£5Ult»«lC«t-5Mat3*>v,NT:i, 15!lxl±'x (nl, n 

2) roai ^scftaaw^a-b-y-y-ic^wLTEBT 



[0 0 2 3] ^gtilWrfc^Tli, H2£>M5U!tSliv 
^tACJ: U^frftS 1 2 #5c, * «£T>' 3 >£5c£> 

[0 0 2 4 ] 1 *5croK1tk7-'JxXjfttt**-p^A6 

[0 0 2 5] 
[SI ] 

- ( 1 ) 



- (2) 

- (3) 

n 2 = 0, 1 q— 1) 

... (4 ) 

j 2-0, 1 P-1) 

- (5) 

- (6) 

[0 0 2 7 ] 
[«2J 

2 <y H n, ^> 



1 . n 2 ) <^>„ n2J, 

- (7) 

S. :«)tS. (7) ^It&flMSroA&Slzait&ft 

[0 0 2 9] 
[&3] 



(7) 



1 5 3 0 2 9 



(IS) Y 1 



(n 1 , jl) = i:'x (nl, n2) 



CD 



nZ i 1 



nZ-0 



( 8 ) 



(28) Y2 (nl, jl) =a H » IJI Yl (nl. jl) 

- (9) 



( 3 B) Y3 (i 1, nl) =Y2 (nl, j 1) 



(10) 



US) 



Y 4 ( j 1 . j 2 ) = B ^Y 3 ( j 1 . n 1 ) a> P nllz 



[0 0 3 0] ( 8 ) *t* 2 <fc5cE5fl x (nl, n 2 ) <D 

1 (nl, j 1 ) tCiUgB^-wN n1 i 1 ^^ST^ttW: 
(q-t->3» £SU (1 0) 5SLtt2*5EB5llY 

2 (n 1 , j 1 ) U (11) 5C«Y 3 ( j 
1, n 1 ) CDi^n 1 IC-^TO^-'Jl^tSTo 
% 3 ST<S« * fr 5 W tt , fltic 2 *5cE?U<&SS 2 *5cU 
OL^TC7)7 — 'J Xg£$ <£ 9 T 3 #> T' £> -5 0 £ 

z n =x1 n + ix2 n 
£&< e z n , x 1 n . x 2 n ©7-'Jl«S«) 

*ft-?ft UZj I 
t *> < t , 



(o-Xlj 



,x2 



- (11) 
2 *5cE5U0>SS 2 li #f!l <* ft T <^ & <^ tf> 

[0 0 3 1 ] H 1 *5c7-'JxSS»€a*^-y 

-$-,<g|g^-££ I x 1 n 1 i: I x 2 n I (n = 

o q-i) tizfta. -tn-fn«a*aro* 

- (1 2) 

[0 0 3 2] 
[84] 



n J 



(13) 



n i 



n = O 



(14) 



6> 



n j 



n- O 



[ 0 0 3 3] fc* «. (14). (15)i£0«x1 jv [0 0 3 4] 

arx2j « N (1 3) 5£<DaZ j tffluT, 7 IC* [gfc5] 

or 



xl j = («- z j+ (or z o-i) * ) /2 



or 

a: s! o = R e (or 3 *) 

ar xz 0 = I m (ar z o) 
[ 0 0 3 5] lit*, a* li<*C0}tfg2M£:£SU R e 



) «) /2i 



(15) 



- (16) 
»• (17) 
••• (18) 

- (19) 

{a) , I m (a) it % ft"? ft * (DltSBs )E§B£»T=> 



(8) 



7) 5£(CftoT 



|«z j ) a^Sfitf 
Ux1j ) . | 



,x1 
„x2 



o-i 
: o-j 



(1 6) , (1 

) * , i=1 

= (ax2j ) * , j =1 
,x1 



&-5ft : £K1£#&5£»s f<TCD j ICO^TflfXlj . 

a x2j t#«b*<j&5l*4i\, HfH^li. S#)cD (Q/2 
+ 1) <®CD*x1j tax2j ico^T, i7-'JlfSW 
eSfe*«>iitf^7?**o Q/2tiQ€2T- 

[0 0 3 6] M±(D%\WiZmi&£ LT\ 1>XxSFFT 
©*afl«Br5. H3U. N = p • qt^ST'tSN 
tilCDHS* (1) *(C(S£-3T3E»T* 1 *5B*F FTO 
7P _ ? . 1 ,_(. T . $ 5 o 13 Id^T&Stfifi&i* ft* 

s 1=2XprocXk1, 

k 1 = (p + 2Xp r o c-1 ) / 
111 *5c* P r o c£(DZrnizvV^J:i)it3W 
tc#S Lttt, &7"P -b -j It-izfem £ tv SgB#rofr& 

k 2= (q/2+1 ) X2 
JiLtfc^So El 4 Tit. A cd^ 2 '&5t<F>± Z £ « k 2 £: 
4-^T**K E5UAt±A (si, k2) fc9t£ft-5> 0 

k 3= ( (q/2 + p roc) /p 
tUT, ACDt£Mfl§CDte*ftE5IJB (2Xk3, si) S 
fflftS, B IS ID l^7C# £ CD 2 OCDK5UB R (k3, s 
1 ) fcB I (k 3, si) *^45o BR, Bl <D% 1 
#5ECD±££ k 3 l±. A<7>*2*5cro**Sk 20^» 

2Xk 3^k 2= (q/2+1 ) 

[0 0 3 8] * l/T, 
s 1 K B I (k 3 



.... Q- 1 - (2 0) 

. . . , Q-1 -(21) 

£-f Afcfcl7j£l§1 3 &nfc 1 *tct'-* £K 

ijS*, ^ft{ N = p X q CD 2>£7cE5!l£:<fr# UT\ § 
rn-by* (pe) icBftaofr^*^ hJUftiSW^a'J 

S-yp-tz-v-y-CD^^'J 1 6lc4SJfl^n-5o 
[0 0 3 7] [14 li. Z.CD£ g£D2^7C7 Li -^S^T 

B, (B*(7)fc»yoHzy1J-a€4 (PEU P E2s P 
E3. P E 4 ) tll^^^ <fc»J — &fl1Uwt±**i£ P 
r o c tm< Ztl^TZ* £CD£#s A CDS 1 >fc5c (ff 
CD#5t) CD;*:£ S s 1 

- (2 2) 

(2Xp r o c) - (2 3) 

flMgS&CfcS i^lCTS. ACDS2#5cCD:*:t $ 

- (2 4) 

13, 



o c ) 
^ P 



A (si, k 2) . BR (k 3, 
s 1 ) CDS 1 >£5c£ : &7°P'b '^"9" 
TiSfltCfl-tflU #t!l $ n /c & 7"P -b -7 -9" CDsB# $ a 
(2Xk1, k 2) . b r (k3/proc, si) , 
b i (k 3/p roc, si) tt 5 0 
[ 0 0 3 9] #13, #yp-tz-y-y-f*5T's (8) *tC»Jfc 

cD«ffl$i« * ©lu-r s t «> c , § y p -b ? ca u £ 

T&tifcfT'** h^£il>^£&¥CD2iffll3#lt, 

[ 0 0 4 0] £-f, S-yp-b-y+HiffA:? Mucd-^TS 

T* (*^;>:/S 2) o ft#tt)l3li, tttt«*b r , b 
i €-lti-f n*ft«E9Ub r (k 1, 2Xk3) , b i 
(k 1 , 2Xk 3) t LTfOTU a (1 : k 1 , k 
2) 5b r (k 1 , 1 : k 2) l3Pfc'-U, a (k 1 + 
1 : 2Xk 1 , k 2) £b i (k 1 , 1 : k 2) icpf 
-t5. 

[ 0 0 4 1 ] 14 T'li, 4^CDyP*-y9-P E 1, P E 
2, P E 3, P E 4CD§*t3S!IUiSTe>ft£ a (2Xk 



X p r o c - (2 5) 

2 = (q/2 + 1) £1«IELfct>CDT'ifc5o 
T, 

X2 - (2 6) 

1 , k 2 ) if. «5*S»ta*ffl»l=»a**if t^*. 
P E 1 CDx-^liR 1 t I 1 P E 2<D?- 

$«R2t I 2l3#tfe>ft, P E SCD^'-SliR 3 i: I 
3 £4>lt6*u P E 4CD5 L '-2l±R 4 t I 4 I3#lte>ft 
5, -JH, Z.tie><D7*-2#\ H 5 tC^fcfc 9t3. @g 
5UBR. B I i:n f-Stt-So 115 13£^T. RK R 
2. R3. R4l*$«tUTBRCtttt*ti, IK I 
2, I 3. I 4 ItmUt LIB I tw«tt3ftT^*„ Z 
CDt#s BR. B I IS. -Iti-f ftB R (s 1 / 2, 2X 
k 3) . B I (s 1/2, 2Xk 3) 4*E5Ui: 1/TfiJ 

[0 0 4 2] *13. b r (k 1, 1 : k 2) CDfjA:^ S 
^tJt)£t5bi (kl, 1 : k 2) CD^T^'7 V)\>t 

Ux7 7"S 3) 0 -3* »K b r (k 1 , 1 : k 2 ) CD 
1 OCDfr^^ h^COSSiS (12) StCDx 1 n 
UftJfcfSbi (kl, 1 : k 2) CD^'7 K^CDS 
X« (1 2) iCCDx2 n t^^cUT, SXftzn 
5 (1 3) 5tl3ctUtt»r5o fc/£U, 

dCDt t Q= q fct5 0 

10 0 4 3] -tUT, (1 6) ~ (1 9) *CJ:ti,« 
^CD (q/2+1) <i<7)^7-yi^«CDSm€*», 



(9) 



4£I8¥ 9 - 1 5 3 0 2 9 



^«)SS*J:«St*nffta (2Xk1, i:q/ 
2 + 1) *cfctfa (2Xk1, q/2 + 2 : k 2) UH# 

tifto#&o «Atfrn-b^*P E 1 rtTtt, HI 4 COR 

1 SB^fr'*? KJKBli^-'JxffijfteScD?*, ft#J 

co (q/2 + i) <i^n^^*^e>n, in bco^a^' 

C R 1 KfettS ft* *§B#'D R 1 ICfettS n* 0 

HI 4 CO l 1 ffl^cofr^^ HuoS^-Ux^jfttSSO? 

* . *&<o ( q / 2 + 1 ) ffl^sisic** e> ft. ?ne> 
(DSStfc i i aaafD i i *x 

§ 0 {^7P-b7ifOS«C R2.DR2.CI2.D 
12. C R 3. D R 3 , C I 3, D I 3. C R 4 . DR 
4, C I 4s D I 4 tdO^TfcPttiTfeSo 
[0 0 4 4 ] [§14. 0 5<7><fc5fttett^5*l3«fcfttf. ^ 

« s ft s awsaosiffl fc astf u y P -b *l*3 lw * * 
COT. asg^-uxffiass-ypizv-y-rtTajti-fr^ 

/- s ft£ qCDfi^-^CO^T^lC^ LT. — ?J £H§B. ftfe 
^*lBSfc*4 LT««7-<JxJ6»S!T-3/cfi*0> 
6. (q/2 + 1) ®C0H7- 'jx^jfttO*gS*It*f 
**a*^-^t^T, 1 *5c<07-Ux*»S*toT 

[0 0 4 5] *tZ. S-ypiz-ylfrtT (9) 5£lC&j£T 
-5 2aBCO^aSM9UtCfT^T. u—7— va >*lt9: 
Ut77'S5) o Z<7>StK£*ti«tfE5UAlw« 

I^^ft^o 

[0046] ckdsl d o) scics^st* 3asoa 

IStT-pt, Se^jACDpX (q/2+1) X2 0f-* 
?7P'^ (/h$S«) K^iOL. ?p^I/W6I 
l,TE5UBlCte«-f S (^f-y^SG) 0 ClOirt. 

«S»BR, B I ti ft ft B R (k3, si) . 

bi (k3, s 1 ) t {sxmmzft. torn i *5cich 
i/T^asftti^e iiTs yp-b-y-s-racoT-'-^e 

^UZctU. A (p, 1 : q/2 + 1) 0)?-#tfBR 

(1 : q/2+1, p) A (p, q/2 + 

2 : (q/2+1) X2) I (1 : q/2 
+ 1 , p) lcKB£ft3o 

[0 04 7] [3 7 1*. ^-r*yyS6 Tff fcft Str^'JOK 
B&SO^P-^- KTSSo El 7 £#S2L 
E ?ij a C7) H 4 BE B R tc $e B T 3 &3 ^ ^ * T m*Ji T 
5 0 ^Ulfc^TfflStfBtt&SftSi:. SfEyUAO)* 
SB. E5II BRS^r>i TKffl -5 Ut77*S1 1) 0 
ZLfttCctU. &7Pi2*ylfrttc&SAOSI§B<t B ROgB 

^hf *iypi27tap r o c;:fliT*a<o? 

P*?u:#«Sft* 0 H8(i. <£Bffiia>E9UA0>*« 
(tfcli*3) O»«0i«*l/T**K H9lls ««« 



7J\ U Tt^ 0 

[0 0 4 8] 118 II&^T. A<DMU<no *>:/P-fc *yit 
P E 1 rtlCS>«T- r -£ti. An. Ai2v A13. A14C04 
oO7P^^t3^f0$ftT^^ o yPiz-yi^P 
E 2rtOf-$li^P7 ^A21v A22- A23* A24^# 
ffl£ft. rP-tz-y-frP E 3rt^)T-$ii^ny* A31* 
A32. A33. A 3 4^#*92^ yP-lz-y^P E 4rtC7)T- J 
-*t±7P-y^A41, A42. A43^ A44t-£«l£ ft * o 
®9lC43l,*Tx B R^9^^P-b-yif P E 1 rtCC 
**? r -*l*s B11. Bi2s B13^ Bi4^>4O0)^Py 

-*t±?P7^B2ls B22^ B23^ B24^£H**U 7" 
Piz-ylrP E 3rtCO^-^(i^P-y O B31. B32^ 
B33. B34t^^t!l?ft. 7 P *y * P E 4 rtOr 5 - * l± 
7P'y7B4i. B42- B43. B44t-^>t!l^ft^o 
[ 0 0 4 9] S7 B Pt7tT\ K= (^C^yp-tz 

-y-y-CO#-§-) x J = K.#ct = 1t^t Ut-vT'S 
12). ^Pty^AjKO«BfT5UAjK T £*#>T. 7P 
<y ^ BKj^ttTS Ut7^S1 3) o Cl^T. Bkj 
^HUyP-tz^-^rttw^fttfAjK 1 *-*CtCftttU. B 
Kj^fecD7"Piz -y 1frtiw&^ fc #li-r — £*E5£Sfr9o 
-tLT. K = mod ( K , proc)+1. #ct=# 
c t + 1 Ut77'S14) . #ctiproc 

=£ltSJcr^ Utv^SI 5) o ^T'. mod (K, 
proc) ti. Kiproc /=B#0)«l^*«B*r 
$ 0 # c t tfp r o c ^^^Tt^4"^tftlf^5 L ■y 1 
3i^^C0aS€^USU. # c t ffp r ocJi^St 

[ 0 0 5 0] UJAtf. yP-tz-yltP E 1 CDii^li. *-f 

S4at- Al1 T **»TPii;rp-bv*rt^Biiutttt-r 

§ (^77^8 1 3) o <fct-s K = m o d ( 1 , 4) + 
1 =2 4:4 SOT* Ut7 7'S1 4) . A12 1 " 

Uf77 J S 1 3) o *tJfcT*4MA5fc<DB2i 
ti7"P-iz-y1r P E 2rtlC*Sfc«>. Ai2 T $^Pt:-y-y- 
P E 2lC«3a6r«o H«tCUT. Ai3 T . Ai4 T 
*^T. yPiz-ylfP E 3COB31. PE4C7)B4lt-^ft 
-fftigSM-fSo r^TO^P-b-yS-^lRKiOfflaSffo 
^c^S> B RCDrtStiEl 1 0 ICt^T £ 9 tC^So !H1 0 
C^^T. yPiz-y-9-P E l.rtlCtiAnT . A21 T * A 
31 T s A41T ^ftttSft. ypt^fP E 2rtt3(iAi2 
T s a 2 2 T > A32 T ^ A 4 2 T ^ttttSft. ^Piz-ylrP 

E 3F^tCiiAi3T . A23 T - A33 T > A43 1 * ^fttt* 
ft. 7Pt-;*P E 4rttw« A14T X A24 T ^ A34" 1 " ^ 
A44T ^S^^ftTt^So 

[0 0 5 1 ] ^77^51 3 IC^t^Tli. pro c i$<D 
rPiz-ytf-OiaT^-^IEaJ^ai"*"*^ VPP5 0 
0 Oct 9 ICS7P -tr *y If Ul£f U TIBB# tCHa* tW&fr 
^TSSStJOBtJtttTt*. E5UO»ft^lRlt3at*^P-y 
^S^lCOt^TMJUt-x-^KiS^fT^ d t^85o 
«?Llf, H8<7>*H»ffl^CD3fP^^Ai2. A23^ A34^ 
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A4i^ea-r-^ A12 T v A23 T - A 34 T - A41T (2. 

[0 0 5 2] E5llA0>Mi«ftE5UB I ICC«T3»£ 

I31£<7>4ffl3£fr ?. irott. A05ffigB«E18<75J: 
? tc-frf!]£ ft. B I liH9<7)ct 9t3-9-f5$ tx5o 
T'. E5UA£&MLT*5< dfclCfcU. E50AO5IK? 
h ;i< f 3 "7 — 'J x$a * E5U B <D ff< ? I- ^ CWt 

[0053) tl/T, «^P-b7*T (1 1) aSCftJfi 

X (q/2+1 ) i^f^ftSo SJWOpX (q- (q 
/2 + 1) ) ^(7511:7 -Uxg&<7Mtli^e> ft £*£»£: 

ICS*. 

[0 0 5 4 ] >£l'c. HI 1*e>01 6*T*#^U4-* f 
6. 1 *5cSIF F Tfl>**MHlCot*TKHI!T*o il 1 

□ l!7*C»l!i!ElLt««SI/T^5. 11 1 T-li. 
N = 3 0 OfficDHSfctf 1 ttzT-Zt \sT\t)£ ft. p 
= 2 0. q = 1 5 t LT. 2 0X1 5 fll<75 2 ^tcx- 2 

x (n 1 , n 2) (n 1 = 1 , 2 2 0, n 

2 = 1, 2 15) tUT^tiffig^ftS U 

^•>ys 1 ) o Z-tot*. (2 2). (2 3). (2 
4). (25)5tJ:»;s1=24.kl=3. k2=1 
6. k3=8££U. 2 OX 1 SfllWf-'-^ £4&^T5 
B5ljA<75*e ?lis 1 Xk 2 = 2 4X1 6 £&'-5 0 * 
7c. A(Ol 1 >£5c£ 4 ^royn-fe •;/+>" T'#t!IT5<DT. 

6X1 6 4:**;. ^roRA'f h^roa (6) 

5, ;:TB, /O'fevfPEK P E 2 . PE3©t 
KTWfi^^ h^^yP-tz-y-y-P E 4 (75 2 zfcCOfr^"'? h 
;i4Ix-£7/te&£ftT^S 0 ^UT. EUlArof-* 
Steffi U£ I. ^B#05fMB (IU1 105*31) CDilli. 
(D&^wOp-^T'^'-^P-S^l^Tc&lC 0 

[0 0 5 5] ^9 UTE5UAtC«ttSti/!:T'-*tts § 

r □ -b -s-rt TgijrottttEJU b i3 3 e- s n * (^^-y 

7S 2) «, H 1 2 t£. El 1 1 f-$ftfeE 
5ljB£j5*UT^3 0 E^IJBlis 1 X (2Xk 

3) =24X1 6 toWMt UT^IJffl^ft. -fft^ft 1 2 
X 1 6C0±t $ £*#oE5IJB R t B I e>ft-5o ^ 

tT. ^fte»tD9 *><75*ft-?ft 3 X 1 6<75§B## f §7'P 



(DB^fDft^? h;KD9"fe. ±#-»C75 3 *t±B RW^I5 

[0 0 5 6] frlZ, ftyot-;trt?. BRICteJfiSft 
fcT'-^fcltSi:** 1 ^ B I rtT-t fttl^Uftg^te 

P-fe-vt^P E 1 rt<751 ffB Wfr'^'J 7 h;HCOV, N Tt£. x 

10 =x (1 , 1 ) , x 1 i =x (1 , 2) 

x 1 14= x (1 , 15). A 1 "3. x 2o =x (4, 

1 ) , x 21 =x (4, 2) x 2i4=x 

(4, 15) tLT. (12) SCitAL> 1 51i<75ti 
SiStZn ftft*. *UT. Q=1 5tVX (1 3) 3£K 

«z j (j=0, 1, 2 1 4) (75HSBS B R 

icteSfiL. ffigBSB I cttttrs. <ftfl>fr'<* h;nzo 

L^Tt>lRliflT&5o 

[0 0 5 7] H11 3tt. 7-';x^gS05*S^*^*flUfc 
E5UBR. B I £tfUT^3 0 Ell 3 H*5t>T. B Rrt 
COX (n 1 , n 2) ( n 1 = 1 , 2 , 3 , 7 , 8 , 9 , 

13, 14, 15, 19, 2 0, n 2= 1 

1 5) (i. S-7-';UE*l6*0*3«aiU B I f*3<75 
X ( n 1 , n2) (n1=4, 5, 6, 10, 11, 1 

2, 16, 17, 18, n 2= 1 15) 

ti. *7-«JiSS»£3!0>«3**l,Ti**o 151* tf* 
HI 2 00 x (1 , n 2) £SSB. x (4, n 2) 
i: L,T^Lfc^^e»ft^«^a<75SgB* f X (1, n 
2) . agBfr'X (4, n 2) 7£>5 0 

[0 0 5 8] >^ic br. b i iz«tt*n^a*7-y 
ie»<&e*«*UEUT\ (i 6) ~ (i 9) *i=«t»; 

*7-Ul5£Jftfl)tSS*x1j . «x2j E5UAIC 
0) . (2 1 ) 5£a>#«B8ffi# , &*OT. jC75S^CD1 

5/2+ 1 = 8ffl^75'(IH-Ot^TaX1 J ■ , ff x2j £;£«)ft 

If Jrt^o 9 UTSRS) e>ftfe x (n1, n 2 ) (75 n 2 IC 
ffit57-Ulfi^S?ff (nl, j 2) (n1 = 

1 20, j2 = i 8) tm< z. 

tiztZo mm. x d , i ) , x (i , 

2) x (1, 1 5) 07-yi*»<7)«jR<7) 

Ift^lC^fc** (1 . 1 ) , « (1 , 

2) a- (1,8) ft. IrI^MIC. x 

(4, 1 ) , x (4, 2) x (4, 1 5) (75 

7-yifc«WfiJR<B5S, l9^l3Sfc*« (4, 

1 ) , or ( 4 , 2 ) ar ( 4 , 8 ) tf*lh 6 ft 

5 0 i!fte.<75^7-UX^(75i!gSli. 1211 4lZ^1-=t 
5lcE5UA(=«Mft*ftSo HI 4lCfcl^T. a (n 1, 
j 2) CDSgBR e (a (n 1 , j 2) ) t* A 
tt«*tlsMlm (» (nl, j 2) ) BA©**ft 

[0059] ^n, syp-t7t?3T*, (9) 
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LiTor (n 1, j 2) imtss^^su ^CDJSm^ 

«' (nl, j 2) i: bTSl>*S5UAtr^1-5 Ux 
7^5) .BI5B. «' (nl, j 2) 

A $^l/Ti*5o H11 5lCis^Tli. 111 4 C0t|-£ 
fc^lC. «' (nl, j 2) COHSBR e («' (n 
1, j 2) ) liAOS^atCttttSft. SSBIm (a' 
(nl, j 2) ) «A«)*#»l=«ttS*iTi.»«o 
[0 0 6 0] Zfn-byVP E 1 ~P E 4 1*. fr^U 

A £ [1 7 CO^SHIC «fc U 7 P y ? 1/^ T'tcB L T . IB5U 
B R, B I ICtelrt-t* U^yT'S 6) o ^rotl, A 
C0£¥# » * ft ■? tt Bl 8 IC^ -r «fc ? IC# S $ 

tu W^^lSjlcM-^ 4 -3C0:7a -j O tftsB S nTM5U$E 

?T5U^* f fcasn5 0 mi 6w, siiroT-$?is 

iSiflL£E5ljB R. B I ^ITuS,, ZZLT'li, BR. 

b i ti-?n-?ft8X2 A<D&mt uxmmzti. 

•te-y-tH±BR. B I O>*ti-rft0)2X2 4 COgB#£t£3ift 
LTi^S, «*.ti\ EI1 5n?a-b-;tP E 1C01frS 

toff's*? h^Re (»' (1,1)) Re 

(*' (1,8)), I m (*' (1 , 

1 ) ) I m (a' ( 1 , 8) ) Re 

(*' (1,1)) Re U' (1,8)) 



[0 0 6 4 ] (2 7) 5££ (7) Utik^Zt. HfeB 
•7- 5 £ i * T-feScOltlt #|ll#'|s) VV*>ZZ.£ ifH 
*»« 0 fcfc'L. x n 1n2l* (7) (n 1 , n2) tC 

*M5U. f jij2ttf (j 2, j 1) iZtmbT^^o L 
t^T, St5«W-K*l=«t*; (2 7) **H-wr*tz 

2 *5cEfll * C ST ft If J: ^„ 
[0065] 11 7 li. pXq fllCO 2 '%.5ct- * £ ( 2 
7) sfclCffcoT^Jft-*'* 2*5c£F F T©7D-ft- 
KT'£>5 0 mi 7 ICts^Tf&Wtfmi&Z t. 
fctS7DHB1 3ti#;te>ft£pXqCD2^£7CT■ ! -:?€12^) 
&<fr. Zft£ pXqC02&SE5IJi: UT, &7"Pt7t 
tCffiSStCDfr^'? MU«i9*£l": SWIFTS Ut^S 
21) „ fO^T btitz'n^? h)\>l*. MA tUtilcL 

[0 0 6 6 ] ftyp-bv*rtT» ISxIFFT 

(Dm^tmm^^r. (8) *ic*#*t>r* laaroaa 

£3tf>5Ul*:fr5o ST. -fey -Jiffs'? h)W*T 

ZiV). -^*3lffl, fli*«i8kl/T, [IlStimtco 

ISSfrfUfSB R , B I IC-f tv-f tlPtr-T« (^T7 7"S 
2 2) o >Xl-s Srat-ytf, BRWli^hJl'i> 
&JST5B I COff*? Ml'fcftSRfeT. (1 3) **i:"J: 

ua*ao7-'ji«a*ir? wfy^s2 3) . * 

LT. *a>ie*a»5 (1 6) ~ (1 9) S*X«fcU. ««J 
CO (q/2 + 1) flB(DS7-yiSC»oa***», * 



t±B RCD1 JUllClfciWStU I m (a' (1, 

1 ) ) I m (or' (1 , 8 ) ) li B I CO 1 5U 

[0 0 6 1 ] &l"l, ft^QIz-ylH^TSSliaroiT^^ K 
JHcttfflLT, a' (n 1 , j 2) (n 1 = 

1 2 0) (On 1 lcHf*7-yx£&*StW 

t5 Ut7 7'S7) o zcot^col+S^jiii, 

7*S 3(Oil*tHttT**c tUH^Bft*' (n 1 , 

j 2) omutm&it. iftftiBRtB i rtco^ftr 

3tt»*H&tti? tlTt^o *l/T\ *f ff<? MHc-*>^ 
tc^itr-tn-ftiB R B I IC^Jfl^ftSo O IT, 

in i i co 2 o x i S'tsconacift-f s 1 

»; C0£B# li . » 6 *i fci^m(0««ftS Z. tic J:*j 

[0 0 6 2] #IC. 2 >%7c^ F F T CO~£"/£tC""n*TlftR8 
r«. p Xq «>2*7CT'-^ 7 -'J 

[0 0 6 3] 
IS 6] 

X.i.z - (27) 

•5 U7 7 7"S 2 4 ) o 

[0 0 6 7] 2 '£gCDMiI£ffoT. EJllAOp 

X (q/2+1) X2C05 LI -^«7Oy 7 WvfS^) IC 
-9- 10 U , 7"P v ^7 U-^'Ji' T**e« b TE50 B l3*S*flT 

(7x7^5 2 5) o zcot gco^S&Sco^aii. HI 
7 — 1 0 \.Z7^r^5 : Atm^X'&^> 0 

[0 0 6 8] il/T. #yp-b-y-thT'3S§C0fiaSSM 

h;KCj*r*«3SF F T * It JIT* Ut7 7"S2 
6) o Z(Dt6iBfS&ftJfc«*awSI«£:aSl*s 
tlBR (1 : q/2+1, p) tBI (1 : q/2 + 
1 , p) lCte|iG<*tl3 0 

[0 0 6 9] >^IC, B R fc B I Ctetfl3tifcE5U£7P 

S 2 7) . &i«JI7T5= ZCOfct, ^777"S 2 5 
timiCOx-SiE&Kcfc';, BR (1 : q/2+1, 
p) COx-^^'A (p, 1 : q/2+1) ICliffiSfU 
Bl (1 : q/2 + 1, p) CO-^-tStfA (p, q/2 
+ 2: (q/2+1) X2) lC<iil*tl* 0 

[0070] ;?l/T. -^-A &ftt p Xq1ICO^§Ct07 
-'JXS«0>16*0>3 5, pX (q/2+1) ffli^WS 

n*„ 2*5ESt7-yi«iftrots*ict>i *5c*7-'j 

x^^coH-&tP«co*SH«* f *S^»^ SS^ropX 

(q- (q/2+1) ) 1B0>ttSl*»&ftfcl£Sa'5# 

[0 0 7 1 ] >^13. 2>^5EHF F TCOt£?Ii: IT, 3* 
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£IF F TO^aiCOl^TUiWr*- pXqXrffl3* [0072] 

- (28) 



[0 0 7 3 ] (28) Sli, ( 2 7 ) ^£7) 3 £5E^<Djfi 
Sfifcft-sTi^fcft. 3#5tltF F Ttt:**fi*HC 2 &5c 

[0074] HI 8 14. pXqXr flSGO 3 ^tct^- 2 £ 
(2 8) *lCfi£oT««-T5 3*5cjtF F T(07P-f 
t-K'fe^o Mil 8lc*t*T&S3FBBte3ft££* s 
•fXtiillMI 3tt*i6tifc3*5Br'-**KVa 

pXqXr03>*5cE?IJtr5,> ^ITs Z. 
<7>3>*7cE50*iB1 >*5cT^«lxT. ftrn-b -y IftzBf 
s 1 =2Xp r o cXk 1 , 
k 1 = (p + 2Xp r o c-1 ) / ( 

k 4= (r/2+1 ) X2 
ti±i:1-5o 0 1 9T*14. ACDig3#5ctf);*;t £14 k 4 
fc£^T*>»K K5UA(*A (si, q, k 4) kSSft 

k 5= ( ( r /2 + p roc) /p r 
tut, A (Dm 1 >£5££SI 3*7c<75<EBffl(D*#ttE5iJB 
(2Xk5, q, si) ^ffltt^o B(4Rli;*eSa> 
2OC0E5UBR (k5, q, si) fcBI (k5, q, 
si) 3^6ft5 0 BR. B I <0|g 1 >^7cC0^: g £ k 5 

2Xk 5^k 4= (q/2+1 ) X2 

[0076] ilT, A (si, q, k 4) . BR (k 
5 , q , s 1 ) . B I ( k 5 , q , si) <F>% 1 >£5u £ 

(OSB#£ a (2Xk 1 , q, k 4) . br (k 5/p r 

0 c, q, si), bi (k 5/p r o c, q, si) 

[0 0 7 7 ] *^Plzty*rtT. ISI^I^ 

[0 0 7 8] £T\ *rp-b^*ttS3*5cO-^^ hJU 

«ic««rs U?7^S 3 2) o *#69CZti. 
«br, b i n--fti««E5Ub r (kl, q, 2X 
k 5) . b i (k1,q, 2Xk5) fc-UT*MU a 
(i:k1,q, k4)£br(k1,q, i:k, 4) 
UlPfcr-L. a (k 1 +1 : 2Xk 1 , q, k 4) Sb 

1 (kl, q, 1 : k 4 ) tCP tr-r^o 



3 1 ) o «ST5ftfc*3*5c0>'<? MH4. 
P-te-y-tKD** 1 ; 1 6lHfttt**iS 0 

[0 0 7 5] iU1 9 14. ^fcgeoi&Tc^-^itett 
tS 3*5c«ttE5UA<7>^«*ift**LTt^*o Ell 9 
?14. ffii£0/cJ!)7 , Pt7tSS4 (PEK PE2. 
P E 3x P E 4 ) tLTi^^ JMJHttMKtt* *i* 
p r o c tm< ZtlZtZo Z(Dtt, A (Dm 1 >£5c 

(fr0>;*5c> O** S slS. (22). (2 3) *t 

/ - (2 9) 

2 X p r o c) -(3 0) 

*MS»t3&5 .fc^UZTSo ACO§? 2>£tc<0±£ * 

liqtk f£ 3 sX5z<T)±Z £ (4. 

-(31) 

oc)Xproc -"(32) 
14. A COW, 3 &5c(D* t $ k 4 <D*fti p r o c ^00^ 
P-tr •y-^T^tOTf Set ?IC, k4/2== (r/2 + 
1) £1gjEU/cfc<7>T&5 0 Ltcif^T. 

- (3 3) 

[0 0 7 9] Ell 9T14. 4-&<oyP-tr -y-9-P E 1 . P 
E2. PE3. PE4^C«lUiT6ftta (2X 
k 1 , q, k4) ^ U}*«#i:a*3»t:»fl*ftT 

P E 1 <D^-£(4R 1 t I 1 tC^tt&tis P E 2 
(Dt-'-SMJR 2 I 2lC#W6tu PE3CD^ ; -£t4R 
3 I 3 tC#tt&ft, P E 4 (Dt-2& R 4 I 4 
lt6ft5o iLT, dti bCDx-£#\ 122 OK^T «fc 
9t^. E5UB R. B I i:at-Sft§o 12 0U:;fe^ 
T. R 1 . R 2 . R 3 . R 4 i*SI«fc UTB RtC««S 
ft. II. I 2. i 3. I 4tt«atl/TBIi:ttttS 
ftT^So Z<D£#. BR. B I 14. **l-?tlBR (s 
1/2, q, 2Xk5). BI (sl/2, q, 2Xk 
5) 4*E5llfcUTMfflSti* D 

[0 0 8 0] ^IC br ( k 1 , q , 1 : k 4 ) CD jg 3 
sXtl<D^<<7 StfetS b i (k1, q, i:k 

4) O«3*5c<0^^ h;ui:£^feT. ft^Pt^t? 
«*ao^-UxSEifitfT9 Ut7^S 3 3) 0 ^ 

^ br (kl, q, 1 : k 4 ) CO 1 -o<DW> 3 >^7C^f°3 

(7)^<7 hJK^S-gJSS: (12) x 1 n t**% 

1ST 5b i (kl, q, 1 : k 4 ) COS 3 ^tc^IpJO^c 
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0 HU£>53g* (12) £t<Dx 2 n tfrttbT, 

z n lCjttT*7-Ux«»t (13) stlc J: »J SUM- 
'S D tctzb. ^(7)J:§Q=r 4:f * D 
[0 0 8 1 ] iLT, (1 6) ~ (1 9) 5*ICJ:*;. » 
«JO> (r/2 + 1) iOS7-Ul^O^S^, 
^WS«ftJ:tf*S*t*iffta (2Xkl, q, 1 : 
r/2+1 ) *>J:l>'a (2Xk1, q, r/2+2:k 
4) izfemti U^-yT/S 3 4) o El 2 1 lis ZOi: 
*<^fttt*iS*Sl/Ti^o El 2 1 Ulfc^T. A<DM3 

T^nTi^^t^^^o mxizymzvvp e i 

Tli, El 2 0 COR 1 S^(D^^ HK^jt^-U iffilftlS 
H<D9*>. »*D(D (r/2+1) fflsFSSIStw^to&tW 
•t ft b<7)ilSB#'C R 1 IZ&mtti, fcS^D R 1 ICtett 
£ft£ 0 S fc. El 2 0<D I 1 §B#0"<^ h;K0l7-U 
x3SjMg*0>9 5. MW<D (r/2+1) 

»e>n. *ne>a>s6BA*c i i ictettsn. ss^d i 

1 CttttS ft«o ft^^pt^twaac R 2, DR 

2, C I 2, D J 2, CR3, DR3, C I 3, D I 

3, CR4, DR4, C I 4, D I 4 ICOV^T t>H*iT 

[0 0 8 2 ] >*IC. S^Piz-ylfrtT'. a (2Xk 1 , 
q, 1 : r/2+1) <Dm2>%7zftft<D'«? hJ^t. a 
(2Xk1, q, r /2 + 2 : k 4 ) <DW, 2'%7z}5fa<D 

A'^h^ts^is s$qcoa*a<^7-uxftjii* 

'no Ut7^S3 5) d ^LT, iCOlS^l^d: 

inf^a (2Xk 1 , q, 1 : r/2 + 
1 ) ftitfa (2X k 1 , q, r/2 + 2 : k4) IZfe 

[ 0 0 8 3 ] 2ai(0&a*fr-pT. E5UA0>p 

XqX (r/2+1) X2Wf-? t^P7?i:»tl 
U 7P-y ^l/^T'gl *5ct^3*5cC7)rao<£«* 
fftv E5UBt;:tettT5 Ur-^S 3 6) 0 

tett««BR. B I l±-tft-FftK5UB R (k 5, 
q, s 1 ) . B I (k 5, q, s 1.) t LTWfflStl. 

^■«-B(7)7 f -*(SJSEl-«tU. A (p, q, 1 : r/2 + 
1) Of-*#BR (1 : r/2+1, q, p) tCjil 
Sft, A (p, q, r/2 + 2: (r/2 + 1 ) X2) 
<DT-*tfB i (i:r/2+1,q, p) CCfeBSft 
5* ^^BSSftti^lEBaati. El 7 fcplttT*So 
fzb, ^CTI±EI7^43W*Bkj. Ajk t lis 3 &5EE 
5U € SI 1 *5c* «t tfS 3 *5cU:H U T U £ T7 P -y O 
**(*T*o El 2 2 Ci. K«TO0>E5UAO>Si§B*fcl*d8 
3a>£«lHt*l/T*^ El 2 3 1*. ISIHSOt*-** 
**jWT*E5IJB R S fcl* B I <D#«0!l**UTt*5o 
[ 0 0 8 4 ] El 2 2 A^HSB (SfcliffiS) 

vit P E 1 rticd&ST*-*^ An. 

H«SlC s rP-tz 7tP E 2rtc7)7 : - : -^ti7P'V^A21. 



A22^ A23^ A24^^tS**i. "7 r P -tz *y If P E 3 F^CO"? 
-^i7P7 ^A3i. A32v A33. A34l3#ffi|Sft. ^ 
Pt7tP E 4 1*30)5^- 2 I* 7 P-y ?A4i* A42. 
A43. A 4 4tC^t!l^tL^ 0 Sfc. EI2 3(Z*t^Ts BR 

(S/cliB ! ) <D?*>70iz -ylJ-P E 1 F*gU:&3x-£ 
«\ B 1 1 . B12. Bi3s Bi4<75 4 ■^XO^P-y^ IC^fflS 
tiTi^o ^P-tz-yifP E 2rtC7)T ? -^ti^P 

*>?B2U B22^ B23^ B24^«Sfts 7*P-fe-y^P 
E 3rtt7)T- : -^t±7P-y ? B31s B32. B33^ B34^# 
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